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Abstract 
 

Endocrine disrupting chemicals (EDCs) are considered to be a major source of pollutants in 

the aquatic environments and may interfere with the endocrine system and produce adverse 

developmental, reproductive, neurological, and immune effects in fish. Because of their 

constant and direct exposure to EDCs present in the aquatic environment they are the most 

affected by EDCs. The present study is aimed to investigate the effects of the  E2 and BPA 

induction  in a short period on the  zebra fish to find the total weight, liver weight, gonad 

weight, hepatosomatic index (HSI), gonadosomatic index (GSI), total protein, and 

vitellogenin (Vtg) levels.  The induction of E2 caused an increase in all the measured 

values and BPA caused a decrease. However, only the liver weight, HSI, total protein, and 

Vtg levels were found to be statistically significant (P<0.05). In addition, the number of 

atretic oocytes increased in BPA and less developed oocytes were also developed. 

According to SDS-PAGE the molecular weight of Vtg was found to be 150 kDa, 130 kDa 

and 120 kDa. 
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Introduction 
 

Various synthetic chemicals are known to disrupt the endocrine systems of living organisms and 

are referred to as endocrine disrupting chemicals. Some of these chemicals are oestrogen 

mimics. Examples of such chemicals include pesticides, polychlorinated biphenyls, polycyclic 

aromatic hydrocarbons, surfactants, and asticizers (Sumpter and Jobling 1995). Natural (17-

estradiol, estriol and estrone) and synthetic oestrogens (17-Etyhynl estradiol) through domestic 

wastes could also contaminate the aquatic environment (Pojana et al., 2007). The important 

sources of oestrogens are domestic effluents and live stock wastes. Moreover, the estrogenic 

activities of natural 17-estradiol are considerably higher than that of endocrine disrupting 

chemicals in vivo and  in vitro assays (Folmar et al., 2002; Van den Belt et al., 2004).  
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Vitellogenin is a high molecular weight (250 – 600 kD) glycophospholipoprotein 

synthesised in the liver in response to the steroid hormone 17-β estradiol (Specker and Sullivan, 

1994). It is secreted into the bloodstream from where it is taken up by developing oocytes and 

cleaved into the two yolk proteins, lipovitellin and phosphovitin (Tyler et al., 2000). Male fish 

also possess the vitellogenin gene but expression is not normally found, due to the absence of 

substantial levels of circulating estrogens (Harries et al., 1997). However, in response to 

exogenous 17β estradiol treatment (Yao and Crim, 1996) or in response to estrogen analogues in 

the environment (Harries et al., 1997; Metcalfe et al., 2001), vitellogenin secretion can increase 

dramatically. Measurement of vitellogenin is therefore useful in female fish to assess 

reproductive condition (Specker and Sullivan, 1994) and in male fish to screen for potential 

endocrine disrupting xenobiotics (Harries et al., 1997; Nilsen et al., 1998). 

 The zebra fish (Danio rerio Hamilton) is a freshwater fish belonging to the 

minnow family (Cyprinidae) of the order Cypriniformes.  Native to the Himalayan region, it is a 

popular aquarium fish, frequently sold under the trade name, zebra danio (and thus often called 

a "tropical fish" although not native to the tropics). The zebra fish is also an important and 

widely used vertebrate model organism in scientific research.  Danio rerio offers a number of 

practical advantages as a model organism that overcomes many limitations, making these 

vertebrates highly amenable for toxicologically relevant research. It can be employed as a 

powerful in vivo model system to assess biological interactions and are an outstanding platform 

to detail the mechanisms by which substances elicit specific biological responses. 

E2 and BPA have been accepted as the endocrine disrupting chemicals. Therefore, the 

aim of this study was to determine the molecular weight of Vtg protein and assess the potential 

impact of E2 on vitellogenin, total protein, and the histochemical and morphological indexes in 

Danio rerio. 
  

Materials and Methods 
 

Collection and Maintenance of Zebra Fish 

Zebra fishes (Danio rerio Hamilton) were collected from commercial fish farms. The collected 

fishes were brought to the laboratory in plastic bags with aerated habitat water and are 

transferred into plastic tanks with sufficient aeration. The water in the tanks was changed twice 

a day and the fishes were fed with commercial pelletized food. They are maintained in the 

laboratory for two to three weeks for acclimatization. 
 

Experimental Design 

Female zebra fishes were taken for experimental studies. A total of 275 fishes were used for this 

study and these fishes were divided into eleven groups, each group containing 25 fishes. Tanks 

with 15 liter capacity were chosen and were filled with 10 liters of water. Each tank contains 25 

fishes. Out of the eleven tanks one was maintained as control and the other ten were designed as 

experimental set up. 
 

Induction of Vitellogen in Zebra Fish 

Fishes are exposed to 1 mg/ml stock of 17β-estradiol dissolved in 50% of ethanol in animal 

water for 21 days in a concentration of 1 µg, 10 µg, 20 µg, 40 µg and 80 µg and BPA in a 

concentration of 10µg, 20 µg, 40 µg, 80 µg and 160 µg.  After the exposure the biochemical 

analysis of the fish was performed on the 1
st 

day,7
th 

day, 14
th 

day and 21
st
  day.  

 

Morphological Analysis   

The fishes were sacrificed and dissected after the blood collection. The liver and the ovary were 

removed and weighed (g). The Gonadosomatic index (GSI) and hepatosomatic index (HSI) 

values were calculated as follows: 

GSI= (total gonad weight / total body weight) X 100.  

HSI= (total liver weight / total body weight) X 100 

 

https://en.wikipedia.org/wiki/Freshwater_fish
https://en.wikipedia.org/wiki/Family_(biology)
https://en.wikipedia.org/wiki/Cyprinidae
https://en.wikipedia.org/wiki/Order_(biology)
https://en.wikipedia.org/wiki/Cypriniformes
https://en.wikipedia.org/wiki/Himalayas
https://en.wikipedia.org/wiki/Aquarium
https://en.wikipedia.org/wiki/Tropical_fish
https://en.wikipedia.org/wiki/Tropics
https://en.wikipedia.org/wiki/Model_organism


Ancy et al. / Effect of Endocrine Disruptor on Vitellogenin and Histochemical Changes on Danio rerio 

 

Journal of Theoretical and Experimental Biology (ISSN: 0972-9720), 13 (1 and 2): 69-74, 2018 

 

71 
 

Histology 

Ovary and hepatocyte tissue samples were fixed bouins fixative for least 24 h and then 

transferred to 70% ethanol. Fixed tissues were dehydrated in graded ethanol series, cleared in 

xylene and embedded in paraffin. Sections taken (5 μm) from ovary and were stained with 

Hematoxylin-Eosin. Sections were examined by light microscopy and photographed. 
 

Isolation of Vitellogenin 

The fish ovary was homogenized using homogenizing buffer. The homogenate was         

centrifuged at 2500 rpm for 20 min at 4ºC to remove residues, and the cells were stored at          

-20ºC. The supernatant was collected and subjected to electrophoresis,   and Western blotting. 

Protein was determined by the method of Bradford (Bradford, 1976) using BSA as the standard. 
 

Purification of Vitellogenin 

Anion exchanger resin (DEAE Sepharose CL-6B, Pharmacia) packed into 10 × 1.2 cm column 

and purification carried out according to the procedure described by Shi et al. (2006). 0.5 ml of 

the samples were diluted with equal volume of buffer A (Tris-Cl 20 mM, pH: 9.0, NaCl 0 M) 

and centrifuged at 13000 rpm (4°C) for 15 min. The supernatant thus obtained was loaded on 

the column equilibrated with the buffer A. Purification was performed at the room temperature 

with a flow rate of 36 ml h-1. Unbound proteins were removed by an additional washing step 

with 2 column volumes of the buffer A. Bound proteins were eluted using a gradient of 0-0.8 M 

NaCl in 20 mM Tris-Cl (pH: 9.0), within 15 column volumes. Eluted fractions were collected at 

a volume of 4 ml and the elution profile was monitored at 280 nm. Fractions containing 

significant amounts of protein were evaluated for the presence of Vtg by SDS-PAGE.  

 

Purification of Vtg by Selective Precipitation (EDTA-Mg+2) 

Vtg precipitated from the samples by the method of Wiley et al. (1979). 0.5 ml of samples was 

mixed with 2 ml of 20 mM EDTA. Then, precipitation was performed with adding 0.1 ml of 0.5 

M MgCl2 in this mixture. The precipitate was collected by centrifugation at 5000 rpm for 15 

minutes at 4°C and the supernatant was discarded. The precipitate thus obtained was re-

dissolved in 1 ml of the buffer containing 1 M NaCl, 50 mM Tris-Cl and centrifuged at 13000 

rpm for 30 minutes at 4°C to remove any insoluble materials. The precipitate was discarded and 

supernatant fraction containing purified Vtg was used for following assay. In order to determine 

the purity of Vtg, the supernatant was subjected to the SDS-polyacrylamide gel electrophoresis. 

 

Statistical Analysis 

The unpaired student test method was employed for comparing the data among different binary 

groups. The data was expressed as a mean  standard error on the mean (SEM). The statistical 

significance was inferred at P<0.05. 

 

Results 

 

The Effect of Endocrine Disruptor on Vitellogenin, Total Protein, and  

Some Morphological Indices  

The total height, total weight, liver weight, gonad weight, HSI, GSI, total protein, and the Vtg 

levels of injected with E2 , BPA and the control group fishes are given in Table 1. It was found 

that, there was an increasing in all the measurements in E2 and decreased amount in BPA as 

shown in Table 1. However, it was determined that this increase was statistically significant 

only  in the liver weight (0.33±0.04 g), HSI value (4.64±0.59 %), total protein (41.895 

±3.976mg/m L), and Vtg (38.244±0.865 mg/mL) levels (P<0.05) and BPA decreased was 

statistically significant only  in the liver weight (0.11±0.02 g), HSI value (2.43±0.42 %), total 

protein (31.243 ±1.336mg/m L), and Vtg (29.216±0.665 mg/mL).  
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Table 1: Total height, total weight, liver weight, gonad weight, hepatosomatic index (HSI), 

gonadosomatic index (GSI), plasma total protein and vitellogenin levels in fishes of control group and E2, 

BPA  treatment group. The values which are measured were given as ±Standard error of mean. Number 

of animals-275.  P<0.05. 
 

Parameters Control E2 BPA 

Total  height(cm) 11.38±0.31 13.34±0.54 7.98±0.52 

Total weight(g) 16.09±1.62 19.20±1.98 9.51±1.87 

Liver weight(g) 0.26±0.002 0.33±0.04 0.11±0.02 

Gonad weight(g) 0.32±0.12 0.98±0.67 0.26±0.33 

HSI(%) 3.67±0.78 4.64±0.59 2.43±0.42 

GSI(%) 0.98±0.19 1.67±0.65 0.37±0.34 

Total protein (mg/ml) 18.856±1.987 41.895 ±1.976 0.823 ±1.336 

Vitellogenin(mg/ml) 0.917±0.349 38.244±0.865 0.721±0.665 

 

Molecular Weight Determination by SDS-PAGE  

To determine the molecular weight of Vtg in zebra fish, the SDS-PAGE electrophoresis 

technique was performed on the samples of the E2 injected females, the control  and BPA 

females (Figure 1). Accordingly, the Vtg molecular weight in D. rerio was determined as 

150kDa 130 kDa 120 kDa. In this study, electrophoresis was used. However, the Vtg band was 

observed only in the E2 BPA injected female fishes. 

 

Histology 

Following the histological investigation, all of the fishes injected with E2 and BPA the embers 

of the control group were determined as females. The samples taken from the ovary of these 

fishes were stained with Hematoxylin-Eosin.  In E2 injected fish increased number of   oocytes 

was developed. The number of atretic oocytes increased in BPA and less oocytes were also 

developed. It was observed that there E2 and BPA induced fishes and that of the control group 

fishes (Figure 2).  
 
                                       

                              MD           Control           A             B 

 
 

Figure 1: Determination of the molecular weight of vitellogenin in ovary samples on Danio rerio (A) 

SDS-PAGE separation of samples from E2 injected, female, (B) SDS- PAGE separation of samples from 

BPA injected female.  

 

Discussion 
 

In the present study, the  gonadosomatic index (GSI), hepatosomatic index (HSI), total protein, 

Vtg levels, and oocyte in the ovary and the molecular weight of Vtg protein were determined 

after E2 and BPA  injection in Danio rerio. 



Ancy et al. / Effect of Endocrine Disruptor on Vitellogenin and Histochemical Changes on Danio rerio 

 

Journal of Theoretical and Experimental Biology (ISSN: 0972-9720), 13 (1 and 2): 69-74, 2018 

 

73 
 

 Vitellogenin is a precursor egg protein in the glycophospholipoprotein structure that is 

synthesized in the liver. In the studies conducted on several fishes, the increasing values of HSI, 

plasma total protein, and Vtg levels were defined during the vitellogenesis phase (Johnson et al. 

1991; Koya et al., 2003). In the present study, it was clearly demonstrated that there was an 

increase in the HSI value, plasma total protein, and Vtg levels of Danio rerio after E2 injection 

and decreased after the injuction of BPA.  

In E2 injected fish increased number of   oocytes was observed. The number of atretic 

oocytes increased in BPA and less oocytes were also developed. As a result of our study, 

structural deformities at follicles increase were found with dose depended. Bisphenol A causes 

serious disorders at follicular morphology were detected. In addition, increase in BPA exposure 

causes decrease in the number of primary oocytes and increase in the number of atretic follicles 

were also monitored. In conclusion, it is observed that BPA hinders oogenesis. 
 

 

  
                                               Control day1          A                       B 

 
                                             Control day 7            C                               D 
 

Figure 2: Histology of ovary of zebra fish exposed to E2 for 7 days. A-1
st
 day. Number of  primary 

oocytes (Po) is reduced, structural deformities were observed. Cortival alveolar oocytes (Ca) had normal 

morphology. Reduction at the number of developing oocytes, deformation at the ooplasm (O) and 

structure of the mature oocytes (Om) were observed. (B) - 7th day Vacuolisation at alveolar structure of 

cortical alveolar oocytes, deformation at mature oocyte (Om) ooplasm and significiantly seperation 

between zona radiata (ZR) and vitelline membrane (Vz) were detected. 

Histological structure of ovary of zebra fish exposed to BPA 160µg  for 7 days; (C)-1st day Degeneration 

at vitelline oocyte (Vo) morphology and increment at the number of atretic follicules (AF) was observed; 

(D) - 7th day Deterioration and reduction of developing oocytes was observed. On contrary, we detected 

increment at the number of atretic follicule (AF).  

Magnification: All 40x; Stain: Eosin. 
 

 

The molecular weight of Vtg in fishes varies according to the species. The molecular 

weight of Vtg was observed as 150kDa in Ictalurus punctatus (Goodwin et al., 1992), 154kDa 

in Oncorhynchus mykiss Watts et al., 2003), 150kDa in Pimephales promelas (Zhang et al., 

2004), 130 kDa in Pleuronects vetulus (Roubal et al., 1997), 190 and 156kDa two bands in 

Cyprinus carpio (Fukada et al., 2003). 

  The antibodies of the specific fishes were used in these studies. However, it was 

demonstrated that the antibodies against carp (Cyprinus carpio) Vtg showed good cross-

reactivity with Vtgs of several other cyprinids (Tyler et al., 1996; Nilsen et al., 2004). Nilsen   

et al. (1998) pointed out that polyclonal and monoclonal antibodies, which they created against 

Salmo salar, made cross-reactions with Vtg of the other fish species. In this study, the Vtg band 

could be determined in the plasma of female zebra fish.  
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